Rapid advances in electronics and communications technologies offer continuously evolving options for sensing and awareness of the physical environment. Many of these advances are becoming increasingly available to "non-professionals," that is, those without formal training or expertise in disciplines such as electronic engineering, computer programming, or physical sciences, via the open-source concept. The open-source concept of collaboration and sharing of ideas offers advantages including low cost, ease of use, extensive array of electronic technologies offered, and technical and programming support. Expansion of communications infrastructure, including wireless, cellular, and internet networks, continues to provide greater ability to be connected and share information over any distance in real time. A basic data-collection platform using open-source hardware and software and internet cloud components was developed and discussed. The simple and inexpensive platform was used to develop and implement an instrument system to remotely monitor soil-moisture status in agricultural fields. The monitoring system transferred data regularly from the field to an internet website via the cellular communications network. The system performed reliably over an entire growing season with no maintenance requirements. The basic platform can be modified to suit a user's specific requirements, and offers options for automated collection, viewing, and sharing of remotely sensed data.
evolving options for sensing and awareness of the physical environment. Many of these advances are becoming increasingly available to "non-professionals," that is, those without formal training or expertise in disciplines such as electronic engineering, computer programming, or physical sciences. Open-source projects such as Arduino (https://www.arduino.cc) offer free, informative, and collaborative tools and communities to allow development of unique sensing systems and sharing of ideas and knowledge. Expansion of communications infrastructure, including wireless radio, cellular, and internet networks, continues to provide greater ability to be connected and share information over any dis- [5] , irrigation [6] [7] , and environmental issues [8] [9] [10] .
Remote data transfer and real-time data access are also being explored as The objective of this work was to develop a data-collection platform using open-source hardware and software and internet cloud components. The simple and inexpensive platform can be modified to suit a variety of applications, and offers options for collecting, viewing, and sharing data from remote locations via the cellular communications network and convenient internet access. An example application developed to monitor soil-moisture status for agricultural irrigation scheduling is presented and discussed.
Materials and Methods
The data-collection platform integrates open-source hardware, open-source software, and internet cloud components to enable remote data transfer and access. The basic platform integrates a programmable microcontroller with built-in cellular communications hardware, rechargeable battery, and a low-power battery controller, enabling it to operate for extended periods of time and transmit sensor data to the internet. Software is written and uploaded to the microcontroller to perform data collection and transmission functions, and data are transferred to an internet cloud-based service for viewing and analysis. 
Hardware Component
The data-collection platform consists of a microcontroller development board with integrated cellular modem, rechargeable battery, and low-power timer.
Components are mounted on a prototyping board, which provides space for integrating external sensors and components. The hardware components are housed in a weatherproof enclosure for deployment in the field. These basic hardware components are mounted on a prototype board using female headers (Adafruit Industries) soldered to the prototype board. 
Software Component
The microcontroller is programmed using the open-source Arduino Integrated Development Environment (Arduino IDE; https://www.arduino.cc), which is downloaded and installed on a personal computer. The IDE is based on the C++ programming language, and is used to write software code, compile the code and check for errors, and upload the compiled program to the microcontroller. The IDE's serial monitor allows output from the microcontroller to be viewed on the connected computer, and can also be used to send instructions from the computer to the microcontroller. 
Internet Cloud-Based Component
Thingspeak (https://thingspeak.com) is an internet cloud service designed to allow sensor data streams to be posted to the internet to be viewed in real-time.
Configuration of data streams, called channels, is simple and straightforward, and multiple options are available to customize the appearance and display of the data streams. The ability to integrate and execute code written for the MATLAB technical and mathematics language (http://www.mathworks.com) allows for online analysis and processing of incoming data immediately as the data are posted.
Using the Thingspeak cloud-based service begins by creating a free user account. After logging into the account, the user creates a new channel to accept a data stream, and a webpage is displayed with configuration options for the channel. The user lists the data fields that will be uploaded, and can give the channel a name and add information and keywords to describe the data. A channel number is assigned to identify the data stream, and a unique key code, called the API key, is generated for this channel that allows the user to upload data. Tabs on the webpage link to additional configuration options, allowing the user to customize the appearance of the data displayed. An example channel configuration for a soil-moisture monitoring system discussed below is shown in Figure 2 .
Data are uploaded to the channel by assembling and posting a unique website address (URL). The URL contains the Thingspeak website domain name, API key, and data field values. An example URL for the channel shown in Figure 2 would take the form http://api.thingspeak.com/update?key=_API_key_&field1=-25&field2=-55&field
3=-101&field4=-55&field6=-65&field6=4100. This URL would then be sent via cellular modem to the Thingspeak website, and each data display would be up- the data stream's channel ID number. The webpage could, therefore, be viewed at any time from any place via a web browser on a computer or smartphone.
Soil-Moisture Monitoring System
Agricultural fields are often remotely located in rural areas, and require a producer's time and labor to travel to and visit fields to assess field conditions. A monitoring system was developed to measure soil-moisture status for use in scheduling the appropriate timing of irrigation water applications. The automated monitoring system measures soil-moisture conditions at regular intervals and posts the data to the Thingspeak website, allowing the producer to view field conditions remotely and determine when an irrigation event is needed.
Hardware
The soil-moisture monitoring system was developed by incorporating the basic hardware components discussed previously, shown in Figure 1, The TPL5110 Low Power Timer was adjusted to power the microcontrollerbased circuit at regular intervals by setting an internal resistance via a built-in potentiometer. Since soil-moisture conditions usually change very slowly, the potentiometer was set to its maximum resistance (approximately 100k ohm), resulting in a measurement interval of approximately 2.5 hrs.
The electrical circuit schematic for the moisture-sensor monitor is shown in Figure 3(a) . The circuit is laid out on a prototype board in Figure 3(b) , showing the locations of female headers, spring terminals, and jumper wires. A complete, assembled monitoring system with one soil-moisture sensor connected is shown in Figure 4 . Hardware components, sources, and approximate costs are listed in Table 1 . Fabrication of the monitoring system required approximately one hour to complete using basic soldering materials. Final cost of the system totaled approximately US$85 for the data-collection platform hardware, and US$30 each for the soil-moisture sensors. A SIM card and cellular data plan cost an additional US$30 per year.
(a) (b) Figure 3 . Electrical circuit schematic (a) and prototype board (b) for the soil-moisture monitoring system. 
Software
The program to control the monitoring system was written in the Arduino IDE, At each site, soil-moisture sensors were installed in the soil profile at depths of 30, 60, 90, and 120 cm below the soil surface. The electronic monitoring hardware was placed inside a weatherproof enclosure mounted on a wooden stake that was driven into the soil near the sensors. Sensor wires were inserted into the terminal blocks on the system circuit board, the battery was connected, and the monitoring system began processing and transmitting soil-moisture measurements. Throughout the cropping season, six data values, consisting of four sensor measurements, an average of the four measurements, and battery voltage, were transmitted at 2.5-hr intervals. The website's data display was configured to show the latest 30-days of data. For the soil-moisture measurements, the y-axis of each data graph was set to the limits of the sensor measurements, from 0 to −200 kPa. Data are displayed for one monitoring site in Figure 5 . Data were transmitted with a 98% success rate, with almost no missing measurement intervals. The monitoring systems were installed in the field in mid-May 2017 and operated uninterrupted until harvest in September 2017, a period of almost four months (116 days). The systems required no maintenance or battery replacement during this period, which included almost the entire growing season. During development of the monitoring system, current consumption during active measurement and cellular data-transmission events and low-power periods was measured to estimate battery life. On average, active periods lasted 41 seconds with an average current consumption of 53 mA, while current consumption dropped to approximately 20 µA during low-power periods. With a battery capacity of 2500 mAh and sending data at 2.5-hour intervals, battery life was estimated, as (active current * active time period + sleep current * sleep period)/measurement interval, to be 390 days.
Conclusions
Advances in electronic technologies and communications infrastructures offer many options for development and implementation of sensing and monitoring systems. Open-source concepts of inexpensive hardware and open exchange of ideas and collaboration offer tools and support for development of unique sensing and monitoring systems. Cloud-based services offer convenient and real-time access to and sharing of remotely sensed data.
A basic data-collection platform using open-source hardware and software and internet cloud components was developed and discussed. The simple and inexpensive platform was used to develop and implement an instrument system to remotely monitor soil-moisture status in agricultural fields. The monitoring system transferred data regularly from the field to an internet website via the cellular communications network. The system performed reliably over an entire growing season with no maintenance requirements. The basic platform can be modified to suit a user's specific requirements, and offers options for automated collection, viewing, and sharing of remotely sensed data.
